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Introduction

Given the anatomical, functional, and vascular
characteristics of the parathyroid glands, surgical
intervention of these structures has an inherent
risk that, while seldom life-threatening, can have
devastating and life-long consequents for the
patient. It is important to highlight that most of
the complications associated with parathyroidec-
tomy are avoidable with a thorough understand-
ing of the anatomy, appropriate patient selection,
and meticulous surgical technique. The risk pro-
file of parathyroid surgery varies significantly
depending on the disease status, previous inter-
ventions, and patient comorbidities; an experi-
enced surgeon should be able to take all of these
variables into account, and convey a proper esti-
mation of the individualized risk assessment to
the patient.

The reported procedure-specific, long-term
morbidity rate associated with primary parathy-
roidectomy is only 1% [1]. However, the risk of
complications increases exponentially in the con-
text of reoperative surgery, where it has been
reported as 27-54 % [2-5], while in the geriatric
population where it ranges from 4 to 10 % [6].

Mortality from elective parathyroid surgery is
extremely rare, approaching 0% in the vast
majority of contemporary reports [1]. It is, how-
ever, considerably higher in the geriatric popula-
tion, where it consistently approaches 1% [7-9],
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and has been reported to be as high as 10 % [6].
The elevated mortality rate in this subset of
patients appears to be related to presence of med-
ical comorbidities, and not to a higher rate of sur-
gical complications [6-9].

Below we describe the most common compli-
cations of parathyroid surgery and discuss their
etiology, management, and most importantly, the
technical considerations necessary to avoid them.

Postoperative Hypocalcemia

Hypocalcemia is one of the most common com-
plications after parathyroid surgery. Depending
on its temporal progression, postoperative hypo-
calcemia can be defined as transient or perma-
nent, depending on if it extends beyond 12
months postoperatively [10]. While hypocalce-
mia and hypoparathyroidism are used indistinctly
in the literature they are not necessarily the same,
and it is possible to have hypocalcemia with nor-
mal PTH levels, and symptoms of hypocalcemia
in eucalcemic patients [10]. The incidence of
transient postoperative hypocalcemia among
patients treated for primary hyperparathyroidism
is 15-30% [1], but recent series report lower
incidences. Miccoli et al. report a 2.7 % incidence
in patients treated with video-assisted parathy-
roidectomy [11], while in a series of 656 patients
Udelsman reports an incidence of only 0.5%
[12]. A randomized trial comparing bilateral neck
exploration vs. minimally invasive parathyroid
surgery (MIPS) showed that while transient post-
operative hypocalcemia was more frequent with
open exploration, there were no differences in
symptomatic or permanent hypocalcemia [13].
Overall, at 0.1 % the risk of permanent hypocal-
cemia is extremely low for patients undergoing pri-
mary parathyroid surgery; [14] however, it rises
exponentially in the context of reoperative parathy-
roidectomy where is as high as 15-30% [10]. The
individual risk for postoperative hypocalcemia is in
direct correlation with the activity of the parathy-
roid adenoma and its functional impact. Patients
with preoperative bone pain, elevated alkaline
phosphatases and serum PTH greater than 500 pg/
ml have a significantly higher risk of postoperative
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hypocalcemia and in extreme cases, even risk of
hungry bone syndrome. Transient hypocalcemia is
routinely managed with calcium supplementation
in an outpatient basis, while permanent hypocalce-
mia requires close follow up, appropriate counsel-
ing and specialized management.

Two main etiopathogenic mechanisms are
behind the development of postoperative hypo-
calcemia. First, the presence of a parathyroid
adenoma functionally suppresses normal para-
thyroid glands. This suppression, in combination
with the short half-life of PTH (3—5 min), can
precipitate transient hypocalcemia after surgical
ablation of the adenomatous gland, especially in
patients preoperative PTH well above the normal
range. In this setting, hypocalcemia is unavoid-
able, as it truly represents a homeostatic adjust-
ment secondary to abrupt changes in serum PTH
levels. The second mechanism is surgical manip-
ulation of the parathyroid glands. In this setting,
trauma to the gland’s delicate vascular pedicle
results in vasospasm and transient ischemia,
which clinically presents as a temporary func-
tional impairment also known as “parathyroid
stunning.” The degree and extension of the para-
thyroid dysfunction is proportional to the level of
trauma; complete devascularization of the glands
will invariably lead to permanent loss of function
and depending on the number of glands affected,
potentially to permanent hypoparathyroidism.

Since surgical trauma is preventable, the impor-
tance of thorough knowledge of the vascular anat-
omy, meticulous dissection, and bloodless surgical
field cannot be overemphasized. From the vascular
standpoint, in most cases the blood supply to the
superior and inferior parathyroid gland comes from
the inferior thyroid artery [15], although the supe-
rior gland may occasionally receive vasculariza-
tion from the superior thyroid vessels (Fig. 46.1).
In order to preserve the vascular integrity of the
parathyroids, the same surgical principles used for
a thyroid surgery should be applied: maintaining
the dissection plane at the level of the thyroid cap-
sule, ligating branches of the inferior thyroid artery
as distally as possible, and performing a controlled
ligation of the superior thyroid vessels, after ruling
out the presence of direct contributions to the
superior parathyroid gland [15, 16].
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Fig.46.1 Vascular supply of the parathyroid glands and
relationship with the thyroid gland and recurrent laryngeal
nerve. Surgery of the Thyroid and Parathyroid Glands

Recurrent Laryngeal Nerve Injury

The risk injury to the recurrent laryngeal nerve
(RLN) is inherent to any surgical procedure
involving the central compartment of the neck.
For surgeons, the best strategy to prevent nerve
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injury is to be familiar with the normal anat-
omy —including its variations—and most impor-
tantly, the anatomical relationships of the RLN
and parathyroid glands.

Both the right and left RLN originate as
braches of the vagus nerve in the thorax. In the
right side the recurrent nerve emerges posteriorly
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as the vagus crosses the subclavian artery, while
in the left side it does so as the vagus crosses over
the aortic arch. After circumventing subclavian
artery and aortic arch and respectively, both
nerves ascend along the tracheoesophageal
groove towards the laryngeal inlet. In contrast
with the near-vertical path of the left RLN, the
right nerve has a more oblique course, explained
by its relatively lateral point of inflection. As the
RLN ascends in the neck, it becomes intimately
related to the thyroid gland and to the inferior
thyroid artery (ITA). In roughly 65-70 % of the
cases the nerve courses deep to ITA, in 20-25 %
of the cases is superficial to the vessel, and it
courses between the ITA branches in approxi-
mately 5% of the cases [17], as shown in
Fig. 46.2. In light of variable relationship between
the RLN and the ITA, we recommend against
using this vessel as the sole anatomical landmark
for the identification of the nerve. Also, an ana-
tomical study suggests that the ITA is absent in
6 % of the population [18], further underscoring
this concept.

During its cervical course, the RLN branches
prior to its point of entry into the larynx in
20-65 % of the cases [19-21], commonly in an
anterior and a posterior branch. In this setting,
most authors agree that anterior branch contains
the majority of the motor fibers—both abductor
and adductor—while the posterior branch is
predominantly sensory [22]. The surgeon must
be able to promptly identify the presence of

RLN branching during the course of the dissec-
tion, as this anatomical variation has been asso-
ciated with a twofold increase in the risk of
RLN injury [23].

Intraoperative electrophysiologic recurrent
laryngeal nerve monitoring (EMG) can be a use-
ful tool in the identification of the RLN, particu-
larly in challenging situations such as reoperative
parathyroidectomy. While nerve monitoring has
not proven to decrease the incidence of RLN
injury, it has a well-documented prognostic role.
In a recent study involving almost 1000 at-risk
nerves, Genther et al. report a sensitivity of
95.5% and a specificity of 99.2% of EMG for
identification of immediate postoperative vocal
cord paralysis in patients undergoing thyroid- or
parathyroidectomy [24].

Is important for the surgeon to clearly assess
and document the patient’s vocal status pre- and
postoperatively, as patients with a well-
compensated vocal cord paresis or paralysis can
present with a normal voice. The author’s prefer-
ence is to visualize the larynx through an indirect
laryngoscopy preoperatively in all patients as this
is a noninvasive procedure that allows for docu-
mentation of the vocal cord function, and serves
as a reference for future examinations. If the
patient presents with any vocal impairment and/or
the vocal cords can’t be properly visualized with
this technique, a flexible fiberoptic laryngoscopy
should be considered [22]. The same approach is
recommended postoperatively, where functional

Recurrent laryngeal nerve Right Left
superior to ITA ﬁ}: 1# %F 24.1% 19.7%
inferior to ITA = % 64.1% 71.5%
between ITA branches 7.6% 5.4%
B

Fig.46.2 Distribution of the anatomical relationship between the recurrent laryngeal nerve and the inferior thyroid

artery Makay et al. [17]
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manifestations of an acute RLN injury are not
always obvious and may take some time to
develop. Immediately after denervation, the bal-
ance of adductor and abductor musculature causes
the vocal cord to migrate to a paramedian posi-
tion. In this location the contralateral vocal cord
may often compensate for the deficit, resulting
mild symptomatology. In this context, patients
often complain of a “weak” or raspy voice which
not uncommonly is attributed to endotracheal
intubation [25]. As the cord lateralizes—over the
period of days to weeks —progressive hoarseness
and vocal fatigue ensue, and patients develop a
characteristic “breathy” voice that reflects the
presence of an uncompensated glottic gap.
Postoperatively, surgeons should maintain a
high index of suspicion for RLN injury. Should a
patient present with a vocal cord paralysis, he or
she should be counseled and promptly referred
for specialized care. The chances for spontaneous
recovery of the nerve function greatly depend on
the mechanism and severity of the injury.
Neurapraxia usually results from traction- or
thermal injury to the nerve, and it has a better
chance of spontaneous recovery than those cases
where the nerve was transected. The treatment of
unilateral vocal cord paralysis includes operative

7 Refroctec
right lobe of
thyroid

and nonoperative management and depends on
the functional impact, patient’s vocal needs, and
estimated changes for spontaneous recovery.
Vocal cord medialization or thyroplasty are com-
monly performed in patients in whom recovery
not anticipated based on the temporal profile and/
or electromyographic findings.

Bilateral vocal cord paralysis is an extremely
rare occurrence in the context of parathyroidec-
tomy, but still worth noting given its life-threatening
implications. In this scenario, both vocal cords
migrate to paramedian position causing an acute
airway obstruction that clinically presents as stri-
dor. This usually becomes obvious as soon as the
patient is extubated, but may go unrecognized until
the patient is in the recovery room. Bilateral vocal
cord paralysis is a medical emergency, and the goal
in this setting is to promptly secure the airway. This
is most commonly achieved through endotracheal
intubation, but the surgical team should ready to
establish a surgical airway.

Is important to recognize that in 0.3—4 % of the
cases the nerve has no nonrecurrent course and
originates directly as a cervical branch of the vagus
nerve, without entering the mediastinum [26]
(Fig. 46.3). This anatomical variation is explained
by an embryological involution of the fourth aortic

recurrent
loryngeal
n.

Fig.46.3 Variations of nonrecurrent recurrent laryngeal nerve. Surgery of the Thyroid and Parathyroid Glands Edition
2, Greg W. Randolph, editor, Elsevier Saunders Philadelphia 2012
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arch which causes the subclavian artery to arise
from directly from the aortic arch [27]. In these
cases the right subclavian artery commonly has a
retropharyngeal course (arteria lusoria) where it
can cause organic esophageal obstruction that pres-
ents as dysphagia lusoria [28]. Left-sided nonre-
current laryngeal nerves are extremely rare. They
occur only in the context of situs inversus and
patients present with a corresponding left retropha-
ryngeal subclavian artery [28].

Overall, the risk of recurrent laryngeal nerve
injury after parathyroidectomy has been reported
to be below 1% in most series regardless of the
type of surgical approach [6, 11, 12, 14, 29, 30].
Few studies have directly compared the risk of
RLN injury between surgical techniques. In a
series of 1300 patients treated at a teaching hos-
pital for benign primary hyperparathyroidism,
Karakas et al. [31] reported an incidence of per-
manent vocal cord paralysis of 0.4 % for mini-
mally invasive parathyroidectomies vs. 2% for
bilateral open exploration. However, other series
have found comparable rates of RLN injury
between neck exploration (0.7%) and MIP
(0.8 %) [12], suggesting that the surgeon’s expe-
rience might play a more significant role than the
surgical approach utilized.

In a reoperative setting the presence of scar
tissue, loss of anatomical landmarks and fre-
quent need for more extensive dissection inher-
ently increase the risk of RLN injury. A recent
study describes a 9% permanent vocal cord
paralysis in patients undergoing revision sur-
gery for persistent or recurrent hyperparathy-
roidism [3], almost a tenfold increase over the
reported rate for primary surgery. Preoperative
counseling, baseline laryngeal examination, and
intraoperative EMG laryngeal monitoring
should be considered in all patients undergoing
a revision parathyroidectomy.

Persistent and Recurrent
Hyperparathyroidism

Biochemical cure is defined as eucalcemia and
normalization of serum PTH at 6 months post-
operatively. Persistent hyperparathyroidism is
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defined as a PTH elevation within 6 months of
surgery, while recurrent hyperparathyroidism
is defined as PTH elevation beyond 6 months
postoperatively, following a period of normal-
ization. Since most of the surgical failures are
preventable, it is worth discussing the process
of patient selection and technical aspects of
the surgery.

Primary hyperparathyroidism is caused by a
single adenoma in 85-95% of the cases [32-
36], and a second adenoma is present in 3-5 %
of the patients [37]. The incidence of 4-gland
hyperplasia ranges between 2 and 6 %, but has
been reported to be as high as 15% [35, 36].
Parathyroid localization allows the surgeons to
differentiate single vs. multigland disease pre-
operatively. Those patients with localizing dis-
ease (80-90 %) are candidates for a unilateral
(minimally invasive) parathyroidectomy. The
options for preoperative localization include:
neck ultrasound, Sestamibi-SPECT, CT scan
with and without contrast (4DCT), and mag-
netic resonance imaging (MRI). These test are
not mutually exclusive and can be combined in
an attempt to increase the accuracy of localiza-
tion. Sestamibi-SPECT is by far the most com-
monly utilized, and currently considered as part
of the standard of care. However, 4DCT has
been rapidly adopted as it has demonstrated bet-
ter sensitivity than Sestamibi (88 % vs. 65 %)
and better ability to identify multigland disease
(85 % vs. 25 %) [38—40].

Bilateral neck exploration without preopera-
tive localization has long been considered the
“gold standard” for surgical treatment of pri-
mary hyperparathyroidism [37]. The advent of
reliable localization studies led to the develop-
ment of minimally invasive parathyroid surgery
and has radically changed the practice patterns
over the last decades. Currently, MIP is the pre-
ferred approach for primary hyperparathyroid-
ism when a single adenoma can be localized
preoperatively, with surgeons increasingly
adopting this approach over bilateral explora-
tion [41, 42]. Minimally invasive parathyroid-
ectomy is based on the excision of a single,
well-localized parathyroid adenoma and is
applicable to 90% of the patients presenting
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with sporadic primary hyperparathyroidism
[43]. In addition to the localization studies,
intraoperative parathyroid hormone monitoring
(IOPTH) plays a role in identifying patients
who may need a bilateral exploration. The main
purpose of IOPTH is to identify patients with
multigland disease —which account for 5-15 %
of the patients [13]—during the course of the
operation, In the presence of multigland dis-
ease, the sensitivity of Sestamibi drops from 97
to 61 % and the specificity from 93 to 84 % [44].
The “Miami” criteria are defined as IOPTH drop
of >50% from baseline at 10—15 min post-
excision [45], with most experts agreeing that
the post-excision IOPTH should be also be
within normal limits [46]. If these criteria are
not met after the resection of the suspected ade-
noma, further exploration is warranted. Multiple
series have documented a slight increase in bio-
chemical cure rate with the use of [IOPTH from
95-97.5 to 97-99% [12, 43, 47-50], although
this difference has failed to reach statistical sig-
nificance in any of the series.

At this stage, the decision of bilateral neck
exploration vs. MIPS greatly depends on the
surgeon’s preference and expertise, although
recent evidence seems to support minimally
invasive approaches. Randomized trials com-
paring  both  techniques—presented in
Table 46.1 —consistently show equivalent cure
rates even at 5-years postoperatively [51]. In a
similar fashion, surgical resection of parathy-
roid adenomas through an <2 cm incision has
been associated with shorter operative time,
decreased pain and length of hospital stay, and
better cosmetic results [52].

Overall, the success rate of surgery for pri-
mary hyperparathyroidism ranges between 94
and 99 % [11, 12, 31, 32, 35, 50, 53]. However,
these outcomes must be interpreted cautiously,
as most series come from high-volume, expert
surgeons in centers with access to high-quality
imaging and perioperative support [37], and
may not accurately reflect surgical outcomes in
less experienced hands. Worldwide, most para-
thyroid surgery is not performed by high-vol-
ume surgeons. This is also the case in the
United States, where 78 % of the parathyroid-
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ectomies are performed by surgeons for whom
endocrine case volume accounts for less than
25% of their practice [54]. Several studies
have suggested that surgeon’s expertise and
case volume is associated with better out-
comes. In a study including 159 revision para-
thyroidectomies, Chen et al. [55] compared the
surgical volume of the centers performing the
initial failed operations and concluded that
patients who underwent their initial procedure
at low-volume centers (<50 parathyroidecto-
mies/year) had almost a sevenfold increase in
preventable operative failure, defined as miss-
ing an adenoma in a normal anatomical loca-
tion. Similarly, a study based on the
Scandinavian national registry comparing out-
comes between high- and low-volume centers
found biochemical cure rates of 90 % for endo-
crine surgery centers, 76 % for general surgery
clinics, and only 70 % for centers performing
less than 10 cases/year [56].

Invariably, the reasons for surgical failure
include missing a single adenoma and failure to
identify multigland disease. While preoperative
localization studies collectively represent a
major advance in the field, no technique can
replace a thorough understanding of the role
that embryology plays in the genesis of parathy-
roid adenomas. Every parathyroid surgeon
should be able to perform a bilateral neck explo-
ration and directly “look™ for a missing ade-
noma in the most common locations. The
superior parathyroid glands arise from the
fourth branchial arch and have a relatively con-
stant location, in the posterior aspect of the
superior thyroid pole, adjacent to the cricothy-
roid junction and recurrent laryngeal nerve [34].
The inferior parathyroid glands arise from the
third branchial arch and descent towards the
thymus; while they are routinely located at the
level of the inferior thyroid pole, they can be in
any location within their embryological path. As
such, their location is much more variable. A
nomenclature system that uses mnemonic asso-
ciations provides an easy way for uninitiated
parathyroid surgeons to systematically explore
common sites where adenomas could be missed
[30] (Fig. 46.4).
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Table 46.1 Outcomes of randomized trials comparing minimally invasive parathyroidectomy with bilateral neck
exploration Callender et al. [37]

Authors

No. of patients

Randomized group (no.)

Results

Slepavicius [83]

48

MIP (24), BNE (24)

No difference in OR time, cosmesis at >1
year, or cure rate (100 % in both arms); less
pain, better cosmesis at <1 year in MIP
group; lower cost in BNE group

Miccoli [84]

40

Video-assisted MIP (20),
endoscopic BNE (20)

No difference in OR time, complications
(none), cure rate (95 % MIP, 100 % BNE);
3 BNE patients with single adenoma had
additional “unnecessary” glands removed

Aarum [85]

100

MIP (50), BNE (50)

No difference in cure rate (96 % MIP, 94 %
BNE); cost 21 % higher for MIP group;
>50 % of MIP group actually underwent
bilateral exploration

Sozio [86]

69

Radio-guided MIP (34),
BNE (35)

No difference in cure rate (100 % in both
arms); shorter OR time, LOS, and recovery
time in MIP group

Bergenfelz [87]

50

MIP (25), BNE (25)

No difference in cure rate (96 % MIP,
100 % BNE); shorter OR time, less
short-term hypocalcemia in MIP group

Bergenfelz [13] and
Westerdahl &
Bergenfelz [51]

91

Initial study: MIP (47),
BNE (44); 5-years
follow-up: MIP (38),

No difference in cost, temporary nerve
palsy (2 MIP, 1 BNE), short-term cure rate
(98 % in both arms), long-term cure rate at

BNE (33)

5 years (89 % MIP, 94 % BNE); shorter OR
time, less short-term hypocalcemia, less
early severe symptomatic hypocalcemia,
less long-term hypocalcemia in MIP group;
1 BNE patient with single adenoma still
dependent on calcium/calcitriol at 5 years

Miccoli [88] 38
BNE (18)

Video-assisted MIP (20),

No difference in cure rate (100 % in both
arms); shorter OR time, less pain, better
cosmesis in MIP group; no complications
in BNE group vs. 1 RLN palsy in MIP
group

BNE bilateral neck exploration, LOS length of stay, MIP minimally invasive parathyroidectomy, OR operating room,

RLN recurrent laryngeal nerve

Reoperative parathyroid surgery is chal-
lenging and should be reserved for experi-
enced surgeons in high-volume centers. Cure
rates following reoperative parathyroidectomy
are significantly lower than for primary sur-
gery, ranging from 83 to 96.8 % [5, 57-59],
and reoperative parathyroidectomy is associ-
ated with a higher complication rate [2-5].
Reoperations are also significantly more
expensive, with a cost that roughly doubles
that of the initial surgery [60]. As the risk/ben-
efit balance significantly differs from the ini-
tial  parathyroidectomy, candidates for
reoperative surgery should be carefully evalu-

ated. In these cases multiple localization stud-
ies are routinely performed looking for
concordant findings which suggest an area of
“high probability” to identify the adenoma.
With localization protocols currently avail-
able, blind neck re-explorations should virtu-
ally never be required [37]. Anatomically, the
missed adenomas will almost invariable be
located along the embryological path of
descent of the parathyroids. This is demon-
strated in Fig. 46.5 which shows the anatomi-
cal location of missed adenomas in a series of
130 reoperative parathyroidectomies [61].
Technical advances will continue to impact
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Fig.46.4 (a) The “Perrier” classification; common loca-
tions of parathyroid adenomas Moreno et al. [30]. Type A:
Adherent to the posterior thyroid parenchyma. A type A
gland is in the accepted, expected location of a normal
parathyroid gland. Type B: Behind the thyroid paren-
chyma. A type B gland is exophytic to the thyroid paren-
chyma and lies in the tracheoesophageal groove. Type C:
Caudal to the thyroid parenchyma, in the tracheoesopha-
geal groove. A type C gland is more inferior than a type B
gland on lateral images and located inferior to the inferior
pole of the thyroid (closer to the clavicle). Type D:
Directly over the recurrent laryngeal nerve at the level of
the inferior thyroid vessels. The dissection may be diffi-

the management these patients. MRI-based,
real-time intraoperative localization has been
successfully tested in a small cohort of patients
[62]. This, and similar techniques, will further
add to the surgical armamentarium in the
treatment of persistent and recurrent
hyperparathyroidism.

cult because a type D gland is dangerously close to the
recurrent laryngeal nerve. Type E: Located in the internal
aspect of the inferior pole of the thyroid. A type E gland is
in a location that is more superficial in an anterior—poste-
rior plane than the recurrent laryngeal nerve. It is the easi-
est to resect. Type F: “Fallen” into the thyrothymic
ligament, below the inferior pole of the thyroid in a pretra-
cheal plane. A type F gland is frequently referred to as an
ectopic gland, and its resection usually involves transcer-
vical delivery of the thyrothymic ligament or superior
portion of the thymus. Type G: True intrathyroidal gland
location. (b) Common location of parathyroid adenomas,
lateral view

Conversion to Bilateral Neck
Exploration

In the context of minimally invasive surgery,
conversion to bilateral exploration must not be
viewed as a complication, but rather as part of
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Fig.46.5 The locations of parathyroid glands identified during reoperative parathyroid surgery are illustrated, includ-
ing (a) an anterior—posterior view and (b) a lateral view Udelsman et al. [61]

a surgical continuum in an attempt to achieve
biochemical cure. Failing to identify an abnor-
mal parathyroid gland, or an insufficient drop
in IOPTH following the resection of the
suspected adenoma are probably the most
common factors leading to the decision to
convert from a minimally invasive approach.
Other factors may also lead to the decision to
convert to bilateral neck exploration, as
reported by Norman et al. in a prospective
series of 3000 consecutive patients. In this
study, the authors identified the following
intraoperative findings leading to open explo-
ration: involvement of the recurrent laryngeal
nerve, contralateral thyroid disease discov-
ered, extensive scar tissue, abnormal ipsilat-
eral gland, failure to identify ipsilateral gland
and insufficient parathyroid hormone reduc-
tion [63]. Overall, there are many situations in
which converting to bilateral neck exploration
represents the most sensible approach and
reflects appropriate surgical judgment. It is
important for the surgeon to disclose the limi-
tations of minimally invasive techniques, and
to discuss the potential need for bilateral
exploration in all cases.

Neck Hematoma

Hematomas of the central compartment are most
commonly associated with thyroid surgery, but
this complication may present after parathyroid-
ectomy, although with a very low incidence. In a
study comparing bilateral cervical exploration
vs. MIPS, 0.2% of the patients presented with
hematoma after open approach while 0.8 % had a
hematoma after MIPS [12]. Udelsman reports a
0.2 % incidence in a cohort of 1,650 consecutive
patients [14] while Miccoli describes a 0.27 %
incidence in patients treated with video-assisted
parathyroidectomy [11].

In spite of their rarity, tension hematomas of
the central neck compartment represent a seri-
ous, and potentially life-threatening complica-
tion that is worth noting. Acute bleeding in a
nondistensible surgical cavity significantly
increases the pressure in the larynx and perila-
ryngeal structures. This leads to venous conges-
tion of the airway, edema of the supraglottic
structures, and neurapraxia of the RLN which
results in bilateral vocal cord paralysis. Patients
present with noisy breathing or laryngeal stridor,
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and characteristically adopt the tripod position
trying to alleviate the pressure over the airway. A
high index of suspicion is necessary as the diag-
nosis is based on clinical findings and patients
can deteriorate rapidly. As early as the diagnosis
is suspected, the surgical incision must be
reopened to evacuate the hematoma. This
maneuver usually alleviate the symptoms and
stabilizes patient enough to proceed with a for-
mal neck exploration.

Wound Infection

Overall, the risk of wound infection is extremely
low. Parathyroid surgery is considered a clean
surgery, so the wound infection rate should not
exceed 1 %. A recent study of 776 patients under-
going parathyroidectomy reports a 0.3 % inci-
dence of postoperative wound infection [64].
Like any elective surgery, routine, single-dose
antibiotic prophylaxis should be used for all
patients.

Adverse Scarring

In general, parathyroidectomy incisions are
nearly invisible when fully healed. However, just
like in any surgical procedure, there is low risk of
adverse scarring that should always be disclosed
to the patient. African Americans and patients
with history of keloids or exuberant scars should
be approached cautiously. A good practice is to
ask the patient to reveal previous surgical scars to
anticipate  potential wound complications.
Intraoperatively, the incision should be placed in
a skin crease if at all possible. Care must be exer-
cised with skin retraction, particularly in small
incisions that provide limited exposure. Excessive
retraction traumatizes the skin edges, leaving a
short but noticeable scar in the neck. If the expo-
sure is insufficient, is better to extend the incision
than to risk an unsightly scar derived from exces-
sive retraction. If a keloid scar is identified post-
operatively, =~ compression  therapy, and
intralesional corticosteroids should be initiated as
early as possible.
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Methylene Blue Toxicity

Intravenous administration of methylene blue has
been used to identify abnormal parathyroid glands
in patients with primary hyperparathyroidism. In a
recent series of almost 100 patients, intravenous
methylene blue appropriately stained close to 80 %
of the glands [33]. The use of methylene blue has
been associated with serotonin syndrome, a rare
form of encephalopathy most frequent in patients
under treatment with selective serotonin reuptake
inhibitors (SSRIs) drugs [65]. This condition is
characterized by autonomic, neurological, and
neuromuscular instability presenting in the post-
operative period. Clinical suspicion is important to
recognize this condition. The treatment usually
involves support measures as most cases resolve
spontaneously within days. Since depressive
symptoms are common in patients with primary
hyperparathyroidism, use of SSRI should be
directly inquired and the use of methylene blue
should be avoided in these patients [66].

Parathyromatosis

Parathyromatosis is a rare iatrogenic complication
that results from the rupture of an adenomatous
gland. This causes seeding of hyperfunctioning
parathyroid cells and subsequent development of
miliary nodules in the exposed soft tissues. When
present, this condition is only identified intraoper-
atively, as the nodules are too small to be detected
in preoperative imaging or localization studies
[67]. Given its etiology, parathyromatosis is only
identified in the context of reoperative parathyroid
surgery, and has been described to be more com-
mon in patients treated for secondary hyperpara-
thyroidism [68]. From the surgeon’s perspective it
poses an extremely challenging scenario as the
only option for cure is en-bloc resection of the
involved tissues, which in most cases only serves
as a debulking. Unfortunately, most patients will
require long-term medical management after the
surgical attempt. Since this an avoidable compli-
cation, parathyroid surgeons should be cognizant
of the condition and exercise meticulous surgical
technique at all times.
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Pneumothorax

Pneumothorax is a rare complication of parathy-
roidectomy. In a report of 4 patients who devel-
oped pneumothorax after MIP, extreme neck
hyperextension was identified as the common
denominator for the cohort [69]. The authors also
identified other factors that could place patients
at risk, including dissection in the superior medi-
astinum, traction on the thyrothymic ligament,
and a low-lying inferior parathyroid gland [69].
Another report—also in patients undergoing
MIP—identified mediastinal adenomas and his-
tory of emphysema as potential risk factors [70].
Pneumothorax has also been reported in patients
undergoing bilateral neck exploration; Low et al.
report a single case in a series of 766 open proce-
dures (0.1%) [29]. Regardless of the surgical
approach, care must be exercised when address-
ing lesions located low in the neck or in the medi-
astinum, as the proximity of the pleural apices
appears to increase the risk of this complication.

Hungry Bone Syndrome

Hungry bone syndrome (HBS) is an uncommon
but potentially devastating complication of para-
thyroidectomy in the context of primary hyper-
parathyroidism. It is defined as a profound (serum
calcium <2.1 mmol/l), prolonged (beyond the 4th
postoperative day) and symptomatic [71] hypo-
calcemia, commonly associated with hypophos-
phatemia and hypomagnesaemia, that is observed
almost exclusively in patients with severe hyper-
parathyroidism and high bone turnover. This
complication is almost exclusively seen in patients
with secondary and tertiary hyperparathyroidism.
The etiology of HBS is the rapid incorporation of
calcium into bone following an abrupt decline in
serum PTH levels and associated osteoclastic
bone resorption. In these cases, there is a decrease
in activation of new bone remodeling sites in the
context of a persistently elevated osteoblastic
activity, leading to a rapid increase in bone mass.
From the clinical perspective, it is important to
differentiate this condition from other causes of
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postoperative hypocalcemia in patients with pri-
mary hyperparathyroidism. In most of these
patients, the drop in serum calcium is mild, self-
limited, and maximal between the second and
fourth  postoperative  days [72, 73]
Devascularization, surgical trauma or just long-
term suppression of the remaining parathyroid
glands are plausible causes for prolonged postop-
erative hypocalcemia; however, in these cases the
hypocalcemia will typically not be as severe, and
patients will lack the characteristic musculoskel-
etal manifestations observed in patients with HBS
such as osteitis fibrosa cystica and brown tumors.
These bony defects are heraldic of increased
osteoclastic activity and their presence should be
acknowledged by the clinician prior to surgery.

Patients considered at-risk for developing this
condition include those with long-standing disease,
high PTH levels [74, 75], large adenomas [76],
older age [74], altered bone density or bone pain
[77], elevated serum alkaline phosphatase [74], and
low levels of vitamin-D [74, 78]. In a recent sys-
tematic literature review, Witteveen et al. reports
that the incidence of HBS is 25-90 % in patients
with any radiological evidence of parathyroid dis-
ease vs. 0—-6 % in patients without evidence of skel-
etal involvement [79]. In terms of biochemical risk
stratification, several markers have been identified
as potential predictors for the development of this
condition (Table 46.2). These tests should be
requested and interpreted in the context of a com-
prehensive preoperative evaluation of patients with
secondary and tertiary hyperparathyroidism.

The primary treatment of HBS is close moni-
toring and aggressive supplementation of serum
calcium, commonly requiring doses of 612 g. of
elemental calcium per day [80]. Routinely, intra-
venous supplementation will be first and subse-
quently transitioned to oral supplementation.
Vitamin-D analogs have been a critical addition to
armamentarium for the management of severe
hypocalcemia, these drugs should be started
promptly and the dose should be escalated liber-
ally. In a similar fashion, serum magnesium should
be closely monitored and properly replenished.

Bisphosphonates are part of the pharmaco-
logical arsenal against the osteoclast-mediated
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Table 46.2 Preoperative laboratory data in patients with primary hyperparathyroidism who developed HBS following
parathyroidectomy compared with those who did not Witteveen et al. [79]

Patients who Patients who did not
Laboratory investigation Authors developed HBS develop HBS P value
s-Calcium (mmol/1) Brasier & Nussbaum [74] 3.00+0.05 2.88+0.03 <0.05
Spiegel et al. [89] 3.25+0.05 3.00+0.03 <0.001
Heath et al. [78] 3.94+0.38 2.95+0.15 <0.01
Lee et al. [75] 3.00+0.1 3.00+0.08 0.7
s-PTH (pmol/l) Brasier & Nussbaum [74] 10.2+2.00 5.7+0.3 <0.05
Lee et al. [75] 30.7x10 32.9+6 0.2
s-Alkaline phosphatase Brasier & Nussbaum [74] 68+15 38+2 <0.05
unm Heath et al. [78] 5137 1216 <0.01
Lee et al. [75] 248+48 169+31 0.1
s-Magnesium (mEq/1) Brasier & Nussbaum [74] 1.5+0.1 1.7+£0.04 <0.001
s-Albumin (g/dl) Brasier & Nussbaum [74] 3.9+0.1 4.3+0.04 <0.001
bone loss that characterizes several conditions;
in light of the common pathogenic pathway with Expert Opinion

HBS, these agents have been used to prevent the
development of this complication. In this
regards, several authors have reported a both
decreased severity and duration of HBS among
patients treated with this family of drugs prior to
their surgery [81, 82].

Summary

Complications arising from parathyroid surgery
are similar to those from the other chief surgery
of the central neck, thyroidectomy. Since in
many cases, the patients are not highly symptom-
atic from their hyperparathyroidism, it is very
important to mitigate risks and avoid complica-
tions. A unique complication of parathyroid sur-
gery which raises the likelihood of future
complications, is the failure to find the offending
parathyroid gland(s) which sets the stage for a
revision operation.

Society Guidelines: N/A

Best Practices: N/A

Although the complications for parathy-
roid surgery are largely shared with thy-
roid surgery, the potential most
potentially devastating complication is
failure to manage the hyperparathyroid-
ism leading to the need for revision
surgery.
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